First, it is demonstrated an exactly solution of the model of charged nonideal Bose gas, at quantity of the condensate fraction 0 ≤
As new result of presented theory is that an application of the S-wave scattering between charged bosons, in addition to a repulsive Coulomb interaction, leads to a creation of phonon term in the energy spectrum of plasmon excitations. As new result of presented theory, there are absent the phonons and plasmon gap, at critical temperature Tc.
Introduction.
It is well known a various physical models for theoretical investigations of superconductivity [1] [2] [3] .
So, in 1955, Schafroth [4] had presented the model of an ideal charged Bosegas, consisting of hypothetical heavy charged spinless bosons with charge e 0 = 2e and mass m 0 = 10 8 m e . He had shown that the density of charged bosons in the condensate defines the superconducting phase in superconductor.
In 1961 [5] Foldy proposed the model charged non-ideal Bose gas with Coulomb interaction for investigation of problem superconductivity by using the Bogoliubov;s model of a weakly non-ideal dilute hard sphere Bose-gas [6] . He predicted a existence of plasmon field at approximation of the condensate fraction N0 N ≈ 1 . In this letter, we extend the theory of Foldy within finite temperatures by using the Penrose-Onsager definition of a Bose condensation [7] . In this context, the energy spectrum of new type of plasmons is found by using of the S-wave scattering between charged bosons, in addition to a repulsive Coulomb one.
2.Analysis.
Consider an interacting Bose gas of N identical spinless bosons with mass m and charge e in box of volume V , together with a background of stationary particles of opposite charge to preserve charge neutrality. These bosons are interacting in pairs trough a repulsive Coulomb and S-wave potentials of interaction. The Hamiltonian of system is expressed in the second quantization form asĤ
whereâ + p andâ p are the "creation" and "annihilation" operators of a free charged bosons with momentum p; N 0 is the occupation number of bosons in the condensate; U p is the Fourier transform of the effective interaction between a charged bosons which is reduced to U p = U 
where d is the scattering amplitude of boson; the density operator of bosons is presented by following form:
According to the Bogoliubov's theory [6] , the operatorsâ 0 andâ + 0 are replaced by c-numbersâ 0 =â + 0 = √ N 0 within approximation of a macroscopic number of bosons in the condensate N 0 ≫ 1. In this context, the PenroseOnsager extended the definition of a Bose condensation [7] using of the thermodynamic limit approximation as
The equation (2) allows us to define an important assumption for an occupation number N p of bosons with momentum p:
The next step is to finding property of operatorsâ
by applying (3). Obviously,
and lim
Excluding term p 1 = 0, :the density operators of bosons̺ p and̺ + p take a following forms:̺
whereĉ p andĉ + p are, respectively, the Bose-operators of density-quasiparticles presented in the papers [8] which in turn are the Bose-operators of bosons due to using of expressions (4) and (5): :
Thus, we reach to the density operators of bosons̺ p and̺ + p presented by Bogoliubov [6] without using of any approximation for the number of bosons in the condensate besides of a definition of Bose condensation by the PenroseOnsager:̺
Thus, the Hamiltonian of systemĤ in (1) is reduced by form of Bogoliubov's Hamiltonian:
where w p = N0U p V . For evaluation of the energy levels it is a necessary to diagonalize the operatorĤ in (12) by introducing of a new Bose-operatorsb p within using of the Bogoliubov linear transformation [6] :
where L p is the unknown real symmetrical function of a momentum p. Substitution of the operators in (13,14) into (12), and as result, we arrive to a diagonal form of Hamiltonian of systemĤ:
Hence, we infer thatb + p andb p are the "creation" and "annihilation" operators of a new type plasmon excitations with energy:
where we define that v =
is the velocity of sound in the charged Bose gas; ∆ 0 =he 4 πN0 mV is the Foldy's plasmon gap. Obviously, at statistical equilibrium, these two parameters depend on temperatures because the density of charged bosons N0 V is defined by temperature of the Bose gas. The equation (16) shows that at small momenta ∆0 v ≪ p ≪ 2mv, the energy of a new type plasmon is presented as a phonon spectrum ehergy because:
In this respect, in statistical equilibrium, the equation for the density of charged bosons in the condensate is found by analogy way as it was obtained by Bogoliubov [6] :
whereb + pb p is the average number of a new type plasmons with the momentum p:b
and
We can note a new result of (16) as ε p = p 2 2m , which exhibits the spectrum energy of a free bosons, at critical temperature T c . Obviously, the density charged bosons in the condensate 
Thus, the exactly solution of the model charged spinless nonideal Bose gas, at quantity of the condensate fraction into the state 0 ≤ N0 N ≤ 1 is presented by using of a Penrose-Onsager's definition of the Bose condensation. In this context, the dispersion law of a spectrum energy of new type plasmon excitations was found. Obviously, at statistical equilibrium, the velocity of sound and Foldy's plasmon gap depend on temperatures because the density of charged bosons N0 V is defined within temperature of the Bose gas. In particularly as new result of presented theory, the new type plasmon excitations are transformed by free charged bosons, at critical temperature T c .
